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Research has shown the color used to represent threat information can influence
perceived risk and how individuals respond to watches and warnings. However, there is no
standardized color scheme for hazardous weather products across the weather enterprise. This
study’s objective was to determine if color inconsistencies have an effect on a product’s intended
risk perception utilizing two public surveys.
Results suggest color inconsistencies when representing hazardous weather products have
a detrimental effect on that product’s intended message. The first survey found people use color
to help determine risk and rely on whether a filled or outlined polygon is displayed. The second
survey found the term “warning” is perceived to have more risk than the term “watch” for all
hazardous weather types tested. The results from both surveys suggest a national, uniform color
scale based on risk should be implemented across all weather enterprise agencies.
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CHAPTER I
INTRODUCTION
The National Weather Service’s (NWS) Weather Watch, Warning, and Advisory (WWA)
Hazard Map contains 128 different products represented by over 80 different colors (NWS
2019). The representative hazard colors used by the NWS are not universal, meaning many
broadcast meteorologists and even other National Oceanic and Atmospheric Administration
(NOAA) entities do not represent the same hazard with the same color. Very little research has
been conducted to determine whether the general public interprets a hazardous product’s risk
differently based upon the represented color. Previous research, such as Braun et al. (1995),
Elliot et al. (2007), Griffith and Leonard (1997), Leonard (1999), and Travis (1991), have shown
people often associate colors with words. Moreover, many of these and other studies have called
for further research to be conducted on color consistency needs within the field of meteorology
(American Meteorological Society [AMS] 1993, Ash et al. 2014, Hoffman et al. 1993, ShermanMorris 2013). Additionally, more research is needed with respect to how colors relate to
interpreting a hazard risk (AMS 1993, Ash et al. 2014, Bostrom et al. 2008, Hoffman et. al 1993,
Miran et al. 2017, Schumann III et al. 2018, Sherman-Morris et al. 2015). The communication of
hazardous weather information, through textual and color represented products is of the utmost
importance to save lives and protect property across the United States (Ash et al. 2014, ShermanMorris et al. 2015). The objective of this research was to determine if inconsistency in colors
used to represent hazardous weather products has an effect on the communication of that
1

product’s risk perception. In order to achieve the stated objective, the following two hypotheses
were tested. First, the general public does associate certain colors with different levels of risk and
second, hazardous weather products are associated with different levels of risk. Therefore, a
uniform color scale, based on risk, when representing hazardous weather products across all
dissemination methods would be desired.
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CHAPTER II
LITERATURE REVIEW
2.1

Visual Representation of Hazards
There is limited research relating consistent hazard color scales to the field of

meteorology, and what does exist is mostly confined to color interpretation on a generalized
hazard scale. An example of a hazard color scale would be a general color scale used to represent
threat or intensity for various meteorological products (i.e. radar, storm surge products, and
tornado warnings). These scales have not been universally defined on the basis of the public's
interpretation of color-risk association. Research has shown that the public still has a difficult
time interpreting threats or intensity using rainbow color scales (i.e. colors ranging from reds,
oranges, and yellows to greens, blues, and purples) (Borland and Taylor 2007, Travis 1991). For
example, Travis (1991) found that respondents believe the color purple represents a “maximum”
intensity or threat, while others believe the same intensity or threat should be represented by the
color red. Issues associated with rainbow color scales include public confusion and
misinterpretation of information (Borland and Taylor 2007, Silva et al. 2011, Travis 1991).
While these studies do not specifically focus on meteorological hazards, they effectively
question if colors that represent meteorological hazards are able to accurately communicate a
threat and associated risk. Additionally, with a rainbow scale, people interpret a hierarchical
scale of these colors, which may not always be the same from user to user (Silva et al. 2011,
Travis 1991). The idea of a “hierarchical” scale of colors is potentially problematic for the field
3

of meteorology. While there is a logical sequence of perceived storm threat, from watch,
advisory, to warning, these products are represented by different colors once a specific
meteorological hazard type is added, i.e. a tornado warning and severe thunderstorm warning are
both warnings, but are often represented by different colors. For example, if an individual or
group perceives purple as representing a greater threat than red, while other individuals or groups
perceive the opposite, will this create a problem in conveying risk? People like to have structure
and numerical order to the colors they use in the perception of threats (Travis 1991). Having
structure and a numerical scale would mimic that of a hierarchical scale. For example, if six
colors are being used to represent different hazards, these colors should follow a numerical scale
of perceived threat that can be easily identified by all (i.e. is red a #1 color or a #6 color in this
case). If colors are used to convey intensity and threats, but are not numerically ordered by an
individual or group similarly, they (the colors) can lead to confusion for the public (Silva et al.
2011). While studies have shown the public could be confused by rainbow color scales, the
public does respond well to the idea of multicolored scales (Breslow et al. 2009). In one study,
participants were tasked with identifying features on a map and identifying the color the feature
was represented by. Participants quickly and accurately identified these features when the map’s
features were represented by a multicolor scale, rather than a monochromatic brightness ordered
scale (Breslow et al. 2009).
Research indicates that the public often correlates certain hazardous-related words with
colors (Braun et al. 1995, Elliot and Maier 2007, Griffith and Leonard 1997, Hoffman et al.
1993, Leonard 1999, Travis 1991). Some studies found the word “danger” was often paired with
the color red (Braun et al. 1995), while other studies relate “warning” to red (Griffith and
Leonard 1997, Hoffman et al. 1993). This suggests that there is a likely a hierarchical
4

relationship between risk and color. For example, Braun et al. (1995), Elliot and Maier (2007),
Travis (1991) found that color can be used to influence someone’s motivation or response to a
hazard. However, there is little literature carefully considering how colors used to represent
common hazardous weather products on a national scale are perceived (AMS 1993, Ash et al.
2014, Sherman-Morris et al. 2015).
2.2

Meteorological Applications and Considerations of Color
Within the field of meteorology, there has been little research into the public's color

perception, with respect to threat or risk. The only research related to color and the field of
meteorology was conducted with tornado warnings, storm surge, and meteorological displays
used by meteorologists (Ash et al., 2014, Bryant et al. 2014, Sherman-Morris et al. 2015).
Additionally, Sherman-Morris (2013) found that most research is confined to one single hazard
weather product and not multiple products across the weather enterprise.
There are visual stimuli associated with color and hazard perception, which could be
useful to the meteorologist when considering how to disseminate information (Bostrom et al.
2008, Carr et al. 2016, Mason and Senkbeil 2015, Schumann III et al. 2018, Wogalter et al.
2002). Color has been shown to enhance an individual’s ability to understand and respond to a
presented hazard (Carr et al. 2016, Mason and Senkbeil 2015, Schumann III et al. 2018,
Wogalter et al. 2002). In fact, Schumann III et al. (2018) found that visual cues, such as color,
are better predictors of tornado warning response than any other factors. Furthermore, people
desire consistency and a reliable warning system and prefer distinguishable colors associated
with hazardous weather products (Carr et al. 2016, Goldsmith 2006, League 2010, Sorenson
2000). League (2010) found that some emergency managers are inconsistently prepared for
specific weather hazards due to the related threats not being communicated effectively or
5

appropriately. Hazard information communicated by the weather community, especially with
respect to representative colors, is often unique to a specific member of this community, i.e.
NOAA vs. a local television station (League 2010, Sorensen 2000). Perreault et al. (2014) and
Sherman-Morris (2013) found that this trust in the weather enterprise is earned through
consistency within the hazards messaging design.
In a study looking at severe weather warnings, Ash et al. (2014) noted that tornado
warnings outlined in red resulted in the highest fear and greatest protective action responses
among study participants. Similarly, Miran et al. (2017) found people often associate levels of
danger with the color of the warning product presented to them. However, Ash et al. (2014)
notes that although this is the case, there are both pros and cons associated with utilizing the
color red in comparison with other color options. For example, when utilizing color, the public
must determine if the type of warning is of a probabilistic design or a deterministic design, as
different colors may lead to different fear and protective action responses (Miran et al. 2017,
Miran et al. 2018). Probabilistic design refers to the design incorporating percentages on how at
risk someone may be (i.e. 25% or 100%). Deterministic design, what is used now, suggests that
everyone in a given area has the same amount of risk (i.e. for a tornado warning everyone within
the polygon has the same amount of risk). Some colors may lead the public to take protective
actions more quickly (Miran et al. 2017, Miran et al. 2018). Therefore, the need for more
comprehensive research on the subject color and risk response is warranted.
2.3

NWS Hazard Simplification Project
Independent research conducted by the Eastern Research Group (ERG) has examined

case studies, as well as interactive studies with NWS employees, broadcast meteorologists,
emergency management personnel, and the general public to better understand the relationship
6

between colors utilized and perceived threats in weather products. This work has provided the
NWS with a framework of how the current WWA system is functioning as well as suggested
changes that may help facilitate the delivery of a better hazard message (ERG 2018). As
described in previous research, people desire a hierarchical scale when representing hazards
(ERG 2014, ERG 2016a, ERG 2016c). However, even within this work there are notable
uncertainties associated with how individuals perceive the highest level of meteorological risk
based upon color. For example, one study noted that utilizing a red/orange/yellow color scale to
represent hazards was most effective (ERG 2014). Whereas other studies found that people
often observe pinks and purples to be the most dangerous (ERG 2016c). Beyond identifying
colors that people most often associated with danger, these studies indicated people's desire for
consistency in color usage (ERG 2014, ERG 2016c). They further indicated that the chosen
colors needed to be able to communicate the severity of a hazard and have a clear meaning to the
public (ERG 2016a, ERG 2016c). Finally, the researchers discovered that many in the public
find the current WWA system confusing (ERG 2016b, ERG 2018). Regardless of the approach
the NWS takes, there is still a question as to whether or not the colors utilized need to be used
uniform across the United States. Assessing which colors the public appropriately understands in
the context of risk perception related to a weather hazard needs further investigation.

7

CHAPTER III
DATA AND METHODS
Surveys were conducted to collect data and for hypothesis testing. Two different surveys
were utilized, with each survey addressing one of the research hypotheses. Survey one addressed
the hypothesis related to the general public association of certain colors with different levels of
risk while survey two addressed hazardous weather products and their associated levels of risk.
These surveys were distributed using Qualtrics, which is a survey software company, with the
target audience being the general public. The general public was defined as any person who does
not possess substantial knowledge or have an earned degree in the discipline of meteorology or
related field. This study was not intended to focus on a specific region of the United States, but
to be encompassing of the entire United States. The first survey (APPENDIX A) was distributed
via email and social media platforms on May 14th of 2019 and concluded on July 12th. The
second survey (APPENDIX B) was distributed in the same manner, beginning July 16th of 2019,
ending September 4th. Following the conclusion of both surveys, statistical analysis was
conducted to assess relationships between the public and their interpretation of hazardous
weather products based on risk and color.
3.1

Survey One: Understanding Risk Perception by Color
The first survey was designed to gather data on the public’s association of risk with color.

Participants were given twelve randomized prompts asking about their perceived risk if located
within a given area (Figures A.1-A.7, Questions 1-12). This area was within a polygon over a
8

generic/county-outlined region. The polygon was larger than a typical NWS warning polygon
and smaller than a typical Storm Prediction Center watch area. There was a total of twelve
polygons, six filled and six outlined. The polygon used was the same size for all products, in
order to eliminate responses based upon the shape or size of the polygon, instead measuring
perceived risk based upon the polygon color (filled or outlined). Six colors were used: red,
orange, yellow, green, blue, and purple (shown in Table 3.1 with RGB color codes) for the nonspecified hazardous product. These colors were chosen because they are the primary (red,
yellow, blue) or secondary (orange, green, purple) colors. Each color was used for one filled and
one outlined polygon. Participants were asked to rank their perceived risk on a Likert Scale, with
five possible choices: no risk, slightly at risk, somewhat at risk, moderately at risk, and
extremely at risk. By having a non-specified hazard, the intent was that participants would rank
their perceived risk solely on the color provided. Survey participants received twelve randomized
questions associated with risk and color, with each question related to the perceived risk for each
of the six colors options both filled and outlined. Following these randomized questions,
respondents were asked if colors associated with particular risks should be used uniformly across
the United States or only within the area they live. This question served to gain knowledge about
people’s current opinions of hazardous weather products being non-uniformly represented across
the United States. Again, participants utilized a Likert Scale with five different possible choices:
strongly disagree, disagree, neither agree nor disagree, agree, and strongly agree. Finally,
questions regarding the socio-demographics were asked before the conclusion of the survey
(Figures A.7-A.8, Questions 14-20). In total, survey participants answered twenty questions,
twelve randomized related to color and risk, one related to the uniform use of color, and seven
socio-demographic questions.
9

Table 3.1

Six colors and RGB codes used in Survey One
Colors Used

RGB Code
Image Color
Red
255 0
0
Orange
255 153 0
Yellow
255 255 0
Green
0 255 0
Blue
0
0 255
Purple
153 0 255
Outline of six colors, three primary and three secondary, utilized during the first survey. Primary
colors include red, yellow, and blue. Secondary colors include orange, green, and purple. The
table includes the color names, RGB codes, and a visual representation of each color.
3.2

Survey Two: Understanding Risk Perception by Hazardous Weather Products
The second survey gathered data to better understand if people’s perception of risk in the

context of hazardous weather products is related to the type of product (i.e. warning vs. watch),
the specific weather hazard (i.e. tornado, severe thunderstorm, etc.), or a combination of the two.
Participants were first given the following prompt:
“For the purpose of this survey, you will need to know the difference between a
hazardous weather watch and a hazardous weather warning:
A hazardous weather watch is issued when the risk of a hazardous weather or flooding
event has increased significantly but its occurrence, location, and/or timing is still uncertain.
A hazardous weather warning is issued when a hazardous weather or flooding event is
occurring, is imminent, or has a very high probability of occurring.”
(AMS 2019a, AMS 2019b). This was done to provide a basic understanding of two
terms, “watch” and “warning”, since understanding of these terms was necessary for the purpose
of this study (Figure B.1, Question 1). Next, questions related to eight hazardous weather
products were asked (Figure B.2-B.6, Questions 2-9). These questions utilized text from real
watches and warnings with minor modifications made to remove the product location and time
10

information. Respondents received four, randomized weather watch and warning products. The
hazards used in this survey included: tornado warning, tornado watch, severe thunderstorm
warning, severe thunderstorm watch, flash flood warning, flash flood watch, winter storm
warning, and a winter storm watch. Four different hazardous weather types (tornadoes, severe
thunderstorms, flash flooding, and winter storms) were chosen as severe weather events, winter
weather events, and inland flooding were most commonly used by policy makers and emergency
managers in decision making (ERG 2017, ERG 2018). Weather advisories were not included in
this survey, since advisories are not always used for different hazardous weather products (i.e.
tornadoes). Participants were asked to read each snippet of a watch or warning and rank their
perceived risk of the given hazard on a Likert Scale. Five possible choices ranging from no risk
to extremely at risk, identical to the first survey were used. Following these questions,
participants were asked a follow-up question (Figure B.6, Question 10), which focused on
whether participants feel they would associate a certain color with a particular hazard based on
risk (i.e. do they associate a color with the phrase “tornado warning”). Again, participants
utilized a Likert Scale with five possible choices ranging from strongly disagree to strongly
agree. Following this question, participants were asked if they had participated in the first survey
which had been distributed prior to this survey. Finally, participants received the same seven
socio-demographic questions from the first survey (Figures B.6-B.7, Questions 12-18). With the
second survey participants answered fourteen questions.
3.3

Statistical Analysis
A non-parametric resampling method, the bootstrap method and confidence intervals,

were used to determine if statistical significance exists within and between datasets utilizing the
statistical software R. The survey results did not have a normal distribution, warranting this type
11

of non-parametric analysis for hypothesis testing. The bootstrap method was used to test each of
the two hypotheses for this research and to determine if there was any statistical significance in
each of the datasets. Data were resampled 5000 times to better determine sample means of each
dataset, then confidence intervals of the 95th percentile were calculated. The null hypothesis for
these bootstrap tests and confidence intervals were that the means between tested data were the
same. The alternate hypotheses were that these means were statistically different. If the means of
two datasets fell outside of the other datasets 95% confidence interval, then the null hypothesis
was rejected in favor of the alternative hypothesis. If one or both of the means fell within the
confidence interval of the corresponding dataset, the null hypothesis could not be rejected.
For survey one, statistical analysis was completed for all non-demographic questions
related to the twelve risk related questions and one follow up question. For survey two, identical
methods were followed for the eight risk related questions. For both surveys, data were
organized into two categories: completed non-demographic and completed with demographic.
The completed non-demographic category was used for statistical analysis of the twelve (survey
one) and eight (survey two) risk related questions and each of the corresponding follow-up
questions. The completed with demographic category was used for statistical analysis of each
risk related and follow-up questions organized by each demographic type. As a result some data
could not be used where respondents either a) did not complete the risk perception portion of the
survey entirely or b) did not complete the survey entirely (if a survey was completed through the
risk perception portion, the data were classified as completed non-demographic). For sociodemographics, gender was structured into male and female, age was categorized into 18-30, 3140, 41-50, and 51+, race was expressed by white and non-white. Education was categorized into
earning a high school diploma or lower or earning an Associate’s Degree or higher. The number
12

of meteorology courses was organized by zero courses or one or more courses. Finally, the
regional analysis was conducted by each region vs. all other (i.e. south vs. all other regions then
Ohio Valley Central vs. all other regions). The geographic regions utilized were the nine U.S
climate regions outlined by Karl and Koss (1994) and determined from the zip codes the
participants provided (Figure 3.1). If a zip code did not fall into these regions (i.e. Alaska,
Hawaii, District of Columbia), it was not included in the regional analysis.

Figure 3.1

U.S. Climate Regions

Figure from Karl and Koss (1994) of nine U.S. climate regions.
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CHAPTER IV
RESULTS
4.1
4.1.1

Survey One Results
Socio-demographics
Survey respondents were asked if they were color blind or had any type of visual

impairment. 97.42% said they did not with the remaining 2.58% either selecting yes or that they
preferred not to answer (Table 4.1). These 2.58% of respondents were not included in the data
analysis portion of this study since identifying different colors was crucial to the hypothesis
testing. There was a total of 902 responses completed through the thirteen non-demographic
questions and a total of 867 responses having completed both the thirteen non-demographic
questions and seven demographic questions. Of the survey respondents completing the
demographics portion, just over half of the respondents identified as female, just under half
identified as male, and a small portion selected “other” (Table 4.2). The vast majority of
respondents were of a white race/ethnicity, with the remaining 5.42% having selected one of the
remaining categories (Table 4.3). The majority of respondents had some type of post-secondary
education (Table 4.4). As for meteorology coursework, 72.78% of respondents had no prior
meteorology classes with 27.22% having one or more meteorology classes or a professional
degree (Table 4.5). With respect to the age demographics, each of the four age categories made
up between 20 to 30% of the data (Figure 4.6Table 4.6). The Ohio Valley Central had the highest
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number of responses with over half of the responses (Table 4.7). The second highest region was
the South, followed by the Northeast.
Table 4.1

Survey One respondents and percent of total with visual impairments
Visual Impairments
(i.e. color blindness)
Yes
No
I prefer not to answer

Table 4.2

21
867
2

2.36%
97.42%
0.22%

Reponses
365
499
3

Percent
42.10%
57.55%
1.73%

Survey One respondents and percent of total by race/ethnicity
Race/Ethnicity
White
Other – no preference
Black/African American
American Indian or Alaska Native
Asian
Native Hawaiian or Pacific Islander

Table 4.4

Percent

Survey One respondents and percent of total by gender
Gender
Male
Female
Other

Table 4.3

Responses

Responses
820
26
11
4
4
2

Percent
94.58%
1.73%
1.27%
0.46%
0.46%
0.23%

Survey One Respondents and percent of total by education
Highest Level of Education
Completed
Some high school, no degree
High school diploma or equivalent
Other
Associate’s degree
Bachelor’s degree
Graduate degree
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Responses
3
123
15
79
397
250

Percent
0.35%
14.19%
1.73%
9.11%
45.79%
28.84%

Table 4.5

Survey One respondents and percent of total by number of meteorology courses
Number of Courses in Meteorology
or Related Fields Taken
0
1-2
3-4
5 or more
Obtained at least a Bachelor’s degree

Table 4.6

Responses
247
240
176
204

72.78%
15.57%
2.31%
2.77%
6.57%

Percent
28.49%
27.68%
20.30%
23.53%

Survey One respondents and percent of total by regions
Climate Region
Northwest
West
Northern Rockies and Plains
Southwest
South
Upper Midwest
Ohio Valley
Southeast
Northeast

4.1.2

631
135
20
24
57

Percent

Survey One respondents and percent of total by age
Age
18-30
31-40
41-50
51+

Table 4.7

Responses

Responses
7
15
62
17
134
31
459
48
92

Percent
0.81%
1.73%
7.15%
1.96%
15.46%
3.58%
52.94%
5.54%
10.61%

Risk Perception by Color
The bootstrapping method, a non-parametric test, was done to assess any statistically

significant relationships within the data. For questions 1 through 12 (APPENDIX A), this
statistical analysis was performed to determine differences between polygon colors and filled
verses outlined polygons for the same color. With 95% confidence, all filled polygons regardless
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of color had statistically higher means than their corresponding outlined color polygons (Figure
4.1). The red-filled polygon had the highest mean, 4.77, which is between moderately and
extremely at risk, with green outlined having the lowest mean, 2.15 which is between slightly
and somewhat at risk (Figure 4.1). Regardless of fill/outline, red colors had the highest means,
followed by orange (Figure 4.1). The lowest means were associated with the green color,
followed by blue (Figure 4.1). The yellow and purple colors were both statistically lower than
red and orange, and statistically higher than green and blue, but the two means could not be
rejected in relation with one another. As for the follow-up question related to respondent’s
perception about if colors should be used uniformly across the U.S., the mean value was 4.53
(Figure 4.2). This mean was tested against a mean value of 4.00 which corresponded to
“agreeing” with this idea. Since this mean fell above 4, the null hypothesis was rejected
suggesting that people agree with the idea that colors should be used uniformly across the U.S.
(Figure 4.2).
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Figure 4.1

Survey One outlined colors vs. filled polygon colors

Outlined polygons on the left, filled polygons on the right of each column

Figure 4.2

Survey One - should colors be used uniformly across the U.S.

The same methods were replicated for questions one through 13 discriminating by sociodemographics. For race and education-based socio-demographics, the null hypothesis could not
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be rejected for any of the polygons types regardless of color. For gender, red filled, orange filled,
yellow outlined, green outlined, and purple outlined were found to have statistical differences
between males and females. For filled colors, females had higher mean values for red and orange
filled polygons (Figure 4.3). For outlined colors, males had higher mean values for yellow,
green, and purple outlined polygons (Figure 4.4) when compared to females. For meteorological
education, the statistically significant results are shown below (Figure 4.5 and Figure 4.6).
Respondents with no meteorology courses had a lower risk perception than those with one or
more meteorology classes (Figure 4.5). When asked about a uniform application of color, those
with at least some background knowledge of meteorology, agreed more strongly that those
without any formal meteorological education (Figure 4.6). For age, statistical differences were
found for green outlined, blue filled, and purple filled. For green outlined, the 18-30 age category
statistically lower risk perception than all other age categories (Figure 4.7). For blue filled and
purple filled, the 51+ age category had statistically higher means for both filled colors when
compared to all other age categories (Figure 4.8 and Figure 4.9).
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Figure 4.3

Gender vs. filled polygon colors

Male statistics on the left, female statistics on the right of each column

Figure 4.4

Gender vs. outlined polygon colors

Male statistics on the left, female statistics on the right of each column
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Figure 4.5

Meteorology education vs. purple outlined polygons

Figure 4.6

Meteorology education vs. perception of color usage nationally
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Figure 4.7

Age vs. green outlined polygons

Figure 4.8

Age vs. blue filled polygons
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Figure 4.9

4.1.3

Age vs. purple filled polygons

Regional Analysis
Statistically significant differences were found for the Northeast, Northwest, Ohio Valley

Central, South, Southeastern, Southwestern, and Upper Midwest regions for color and risk
perception. There were no statistically significant findings for the Northern Rockies/Plains and
West datasets for color and risk perception. Participants from the Northeast region indicated that
red filled and blue filled polygons had a statistically higher risk perception than all other regions
(Figure 4.10). For the Northwest region versus all other regions, statistical significance was
found for red and orange filled polygons (Figure 4.11). The Northwest region had a higher risk
perception for both red and orange filled polygons when compared to all other regions (Figure
4.11). For the Ohio Valley Central region, statistical significance results were found for red,
green, and blue filled polygons and green and purple outlined polygons (Figure 4.12 and Figure
4.13). For red filled polygons, Ohio Valley Central region participants had a higher risk
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perception than all other regions (Figure 4.12). For green and blue filled and green and purple
outlined, Ohio Valley Central participants had a lower risk perception than all other regions
(Figure 4.12 and Figure 4.13). For the South region, there was a statistically significant
relationship for red filled and purple outlined polygons (Figure 4.14 and Figure 4.15). For red
filled polygons, the South region had a statistically lower risk perception than all other regions
(Figure 4.14). The South had a statistically higher risk perception for purple outlined polygons
when compared to all other regions (Figure 4.15). The only statistically significant relationship
for the Southeastern region versus the rest of the U.S. was for green filled polygons, where the
southeast had a lower risk perception (Figure 4.16). The Southwest region had statistically higher
risk perception for both orange and yellow outlined polygons when compared to all other
regions. (Figure 4.17). The Upper Midwest region had statistically higher risk perception for
yellow, green, and blue filled polygons and green and blue outlined polygons when compared to
all other regions (Figure 4.18 and Figure 4.19).
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Figure 4.10

Northeast region vs. all other regions filled polygons

Northeast region on the left, all other regions on the right of each column

Figure 4.11

Northwest region vs. all other regions for filled polygons

Northwest on the left, all other regions on the right of each column
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Figure 4.12

Ohio Valley Central region vs. all other regions for filled polygons

Ohio Valley Central region on the left, all other regions on the right of each column

Figure 4.13

Ohio Valley Central region vs. all other regions for outlined polygons

Ohio Valley Central region on the left, all other regions on the right of each column
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Figure 4.14

South region vs. all other regions for red filled polygons

Figure 4.15

South region vs. all other regions for purple outlined polygons

27

Figure 4.16

Southeast region vs. all other regions for green filled polygons

Figure 4.17

Southwest region vs. all other regions for outlined polygons

Southwest region on the left, all other regions on the right of each column
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Figure 4.18

Upper Midwest region vs. all other regions for outlined polygons

Upper Midwest region on the left, all other regions on the right of each column

Figure 4.19

Upper Midwest region vs. all other regions for filled polygons

Upper Midwest region on the left, all other regions on the right of each column
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4.2

Survey Two Results

4.2.1

Socio-demographics
Survey two had a total of 1,651 responses. 1,334 respondents completed all of the

questions. Within survey two, nearly two-thirds identified as female, the remaining one-third
identified as male, and a small percentage selected “other” (Table 4.8). The majority of
respondents identified as white, with the remaining 3.22% having selected one of the other
categories collectively (Table 4.9). The majority of respondents had some type of post-secondary
education in the form of an Associate’s Degree, Bachelor’s Degree, or Graduate Degree (Table
4.10). In terms of meteorology coursework, 78.86% of respondents had no meteorology
coursework with the remaining 21.14% having at least one meteorology course (Table 4.11). All
four of the age categories made up anywhere from 19 to 33% of the data (Table 4.12). The
highest percentage of respondents, 48.88%, lived in the South region with the second highest
percentage living in the Ohio Valley Central region (Table 4.13). 96.93% of survey respondents
are not color blind or have any visual impairment (Table 4.14). The remaining 3.07% was
included for analysis since identifying different colors was not crucial in hypothesis testing for
this particular survey. Finally, respondents were asked if they participated in the first survey in
this research with the majority selecting “no” (Table 4.15).
Table 4.8

Survey Two respondents and percent of total by gender
Gender
Male
Female
Other

Responses
423
907
4
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Percent
31.71%
67.99%
0.30%

Table 4.9

Survey Two respondents and percent of total by race/ethnicity
Race/Ethnicity
White
Other – no preference
Black/African American
American Indian or Alaska Native
Asian
Native Hawaiian or Pacific Islander

Table 4.10

Responses
9
248
53
174
560
290

Percent
0.67%
18.59%
3.97%
13.04%
41.98%
21.74%

Survey Two respondents and percent of total by number of meteorology courses
Number of Courses in Meteorology
or Related Fields Taken
0
1-2
3-4
5 or more
Obtained at least a Bachelor’s degree

Table 4.12

Percent
96.78%
1.42%
0.90%
0.37%
0.45%
0.07%

Survey Two respondents and percent of total by education
Highest Level of Education
Completed
Some high school, no degree
High school diploma or equivalent
Other
Associate’s degree
Bachelor’s degree
Graduate degree

Table 4.11

Responses
1291
19
12
5
6
1

Responses
1052
157
17
35
73

Survey Two respondents and percent of total by age
Age
18-30
31-40
41-50
51+

Responses
348
257
294
435
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Percent
26.09%
19.27%
22.04%
32.61%

Percent
78.86%
11.77%
1.27%
2.62%
5.47%

Table 4.13

Survey Two respondents and percent of total by region
Climate Region
Northwest
West
Northern Rockies and Plains
Southwest
South
Upper Midwest
Ohio Valley
Southeast
Northeast

Table 4.14

Responses
38
1293
3

Percent
2.85%
96.93%
0.22%

Survey Two respondents and percent of total by participation in first survey
Took the First Survey
Yes
No
I don’t know

4.2.2

Percent
0.22%
0.07%
1.95%
1.95%
48.88%
1.20%
32.68%
9.00%
3.67%

Survey Two respondents and percent of total by visual impairments
Visual Deficiencies
(i.e. color blindness)
Yes
No
I prefer not to answer

Table 4.15

Responses
3
1
26
26
652
16
436
120
49

Responses
154
1114
66

Percent
11.54%
83.51%
4.95%

Risk Perception by Hazardous Weather Product
Similar to the first survey, bootstrapping was utilized to test for differences between

variables. With 95% confidence, all of the hazardous weather warnings (tornado, severe
thunderstorm, flash flood, and winter weather) showed a statistically higher mean values when
compared to the similar watch product (Figure 4.20). The tornado warning had the highest mean
at 4.71, associated with moderately to extremely at risk, and the flash flood watch had the lowest
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mean at 2.82, associated with slightly and somewhat at risk (Figure 4.20). When looking at only
warnings by hazardous weather type, tornado warnings had the highest risk perception while
flash flood warnings had the lowest risk perception (Figure 4.20). Severe thunderstorm warnings
and winter weather warnings were both had statistically lower risk perception than tornado
warnings, statistically higher risk perception than flash flood warnings, but their risk perception
were the same and the null hypothesis could not be rejected between these warning types (Figure
4.20). For hazardous weather watch products, the flash flood watch had the lowest risk
perception with the winter weather watch having the next lowest risk perception (Figure 4.20).
Tornado and severe thunderstorm watches both had statistically higher risk perception than the
flash flood watch and winter weather watch, but statistically similar to each other (Figure 4.20).
As for the additional question asking respondents if they feel they associate a certain color with a
particular hazard, the mean value was 3.93 (Figure 4.21). This mean was tested against the mean
value of 4 which corresponded with participants “agreeing” with this idea. Since this mean fell
below 4, the null hypothesis could not be rejected.
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Figure 4.20

Hazardous weather warnings vs. watches

Warnings are on the left, watches are on the right of each column

Figure 4.21

Survey Two association of color with a particular hazard based on risk

The same methods from survey one was utilized for categorizing by demographic
information. For race-based socio-demographics, the null hypothesis could not be rejected for
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any of the hazardous weather product types. For the gender analysis portion, males associated
statistically lower risk for all hazardous weather warnings (Figure 4.22) and weather watches
(Figure 4.23). For color association with a particular product, females did not agree with this idea
as much as males did (Figure 4.24). Those with zero meteorology courses had a statistically
higher risk perception for tornado, flash flood, and winter weather warnings as well as severe
thunderstorm watches (Figure 4.25 and Figure 4.26). Education showed statistically significant
results for the tornado watch and all winter weather products (Figure 4.27 and Figure 4.28). For
tornado watch and all winter weather products, those with a high school diploma or lower had a
higher risk perception than those with an Associate’s Degree or higher (Figure 4.27 and Figure
4.28).

Figure 4.22

Gender vs. hazardous weather warnings

Male on the left, female on the right of each column

35

Figure 4.23

Gender vs. hazardous weather watches

Male on the left, female on the right of each column

Figure 4.24

Gender vs. additional question
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Figure 4.25

Meteorology education vs. hazardous weather warnings

No meteorology courses on the left, one or more meteorology courses on the right of each
column

Figure 4.26

Meteorology education vs. severe thunderstorm watches
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Figure 4.27

Education vs. tornado watches

Figure 4.28

Education vs. winter weather products

High School Diploma or lower on the left, Associate’s Degree or higher on the right of each
column
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Age had statistically significant results from all hazardous weather watch types, severe
thunderstorm, flash flood, and winter weather warnings, and the question related to respondents
felt they associate a certain color with a particular hazard based on risk (i.e. do they associate a
color with the phrase “tornado warning”). For tornado watches, the 51+ age range had a
statistically higher risk perception when compared to all other age categories (Figure 4.29). For
severe thunderstorm watches, the 41-50 and 51+ had statistically higher risk perception than the
18-30 and 31-40 age ranges (Figure 4.30). For flash flood and winter weather watches, the 51+
age range had the highest risk perception (Figure 4.31 and Figure 4.32). For tornado warnings,
there were no statistically significant results. For severe thunderstorm and winter weather
warnings, the 51+ age group had the highest risk perception when compared to all other age
categories (Figure 4.33 and Figure 4.34). As for Flash Flood warnings, the 41-50 and 51+ had
statistically higher risk perception when compared to the 18-30 and 31-40 age categories (Figure
4.35).

Figure 4.29

Age vs. tornado watches
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Figure 4.30

Age vs. severe thunderstorm watches

Figure 4.31

Age vs. flash flood watches
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Figure 4.32

Age vs. winter weather watches

Figure 4.33

Age vs. severe thunderstorm warnings
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Figure 4.34

Age vs. winter weather warnings

Figure 4.35

Age vs. flash flood warnings
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4.2.3

Regional Analysis
Statistical significance was found for eight of the nine U.S regions. Statistics could not be

run on the West region because of insufficient data as there was only one response from this
region. The Northeast region had statistically lower risk association with all flash flood and
winter weather products compared to all other regions (Figure 4.36). The only statistically
significant results for the Northern Rockies and Plains was with tornado warnings (Figure 4.37).
Northern Rockies and Plains participants had a lower risk perception for tornado warnings than
all other regional participants (Figure 4.37). Statistically significant results were found with the
Northwest region versus all other regions for tornado warnings, flash flood watches, winter
weather warnings, and the additional question (Figure 4.38, Figure 4.39, and Figure 4.40).
Northwestern region respondents had a higher risk perception for these products when compared
to all other regions (Figure 4.38 and Figure 4.39). Northwestern region participants agreed with
the idea of associating colors with a particular hazard more than all other regions (Figure 4.40).
Respondents from the Ohio Valley Central region had a higher risk perception for tornado
watches, flash flood watches, and both winter weather products when compared to all other
regions (Figure 4.41 and Figure 4.42). The south region had higher risk perception for all
tornado, severe thunderstorm, and winter weather products as well as flash flood watches (Figure
4.43 and Figure 4.44). The only statistically significant results from the Southeast region was for
severe thunderstorm watches (Figure 4.45). The Southeast region had a statistically lower risk
perception for severe thunderstorm watches when compared to all other regions (Figure 4.45).
The Southwest region had a lower risk perception for winter weather warnings when compared
to all other regions (Figure 4.46). For the Upper Midwest region, this region had statistically
lower risk perception for winter weather watches (Figure 4.47).
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Figure 4.36

Northeast region vs. all other regions for flash flood and winter weather products

Northeast on the left, all other regions on the right of each column

Figure 4.37

Northern Rockies and Plains region vs. all other regions for tornado warnings
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Figure 4.38

Northwest region vs. all other regions for hazardous weather warning products

Northwest on the left, all other regions on the right of each block

Figure 4.39

Northwest region vs. all other regions for flash flood watches
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Figure 4.40

Northwest region vs. all other regions for additional question

Northwest on the left, all other regions on the right of each block

Figure 4.41

Ohio Valley Central region vs. all other regions for hazardous weather watch
products

Ohio Valley Central on the left, all other regions on the right of each block
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Figure 4.42

Ohio Valley Central region vs. all other regions for winter weather products

Ohio Valley Central on the left, all other regions on the right of each block

Figure 4.43

South region vs. all other regions for hazardous weather warning products

South on the left, all other regions on the right of each block
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Figure 4.44

South region vs. all other regions for hazardous weather watch products

South on the left, all other regions on the right of each block

Figure 4.45

Southeast region vs. all other regions for severe thunderstorm watches

48

Figure 4.46

Southwest region vs. all other regions for winter weather warnings

Figure 4.47

Upper Midwest region vs. all other regions for winter weather watches
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CHAPTER V
DISCUSSION
5.1

Survey One
One hypothesis of this study was to determine if the public associated different colors

with certain levels of risk. Outlined and filled boxes (Figures A.1-A.7, Questions 1-12) were
tested to better assess if color would influence the risk perception of participants. Not only does
color influence the risk perception of respondents, but whether the polygon was outlined or filled
also showed significant results. All filled polygons, regardless of color, had statistically higher
risk association than same color outlined polygons. Additionally, the color of the polygon did
play a role in respondent’s risk perception. Regardless of filled or outlined polygon type, red and
orange had the highest risk perception and green and blue had the lowest. The color orange had a
higher risk association when compared to yellow for both outlined and filled polygons.
However, the orange outlined polygon had a lower risk association than the yellow filled. This
study shows that the color representation of a hazard as well as the filled or outlined nature of the
polygon influences risk perception. This research, similar to others (Borland and Taylor 2007,
Travis 1991) found that the public does not rank colors based on risk on a rainbow hierarchical
scale (red, orange, yellow, green, blue, then purple). Instead, this study found the highest
perceived risk with red, then orange, then yellow or purple, then blue, and finally green.
Furthermore, the results show color is an identifiable visual cue that led to the public having
different risk perceptions even when the prompts given were identical. This result follows
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previous literature on the subject that visual cues are important when distinguishing different
levels of risk (Bostrom et al. 2008, Carr et al. 2016, Mason and Senkbeil 2015, Schumann III et
al. 2018, Wogalter et al. 2002).
Regardless of the color risk rank, participants did feel that colors associated with
particular risks should be used uniformly across the U.S. This also agrees with previous work
that found the public desires consistency in hazardous weather product communication (Carr et
al. 2016, ERG 2014, ERG 2016c, Goldsmith 2006, League 2010, Sorenson 2000).
Results, separating by socio-demographics, were mixed. For example, females associated
less risk with yellow, green, and purple outlined polygons and associated higher risk with red
and orange filled polygons when compared to males. Similarly, some statistically significant risk
perception differences were found between age groups, the number of meteorology courses
taken, and between the geographic regions of the participants. However, there was no
discernible trend with these data. This could explain some of the literature inconsistencies of
how people rank different colors when it comes to risk or hazard perception (Silva et al. 2011,
Travis 1991).
5.2

Survey Two
Results of this survey indicate that regardless of hazardous weather product type

(tornado, severe thunderstorm, flash flood, winter weather), people associate more risk with
warnings than watches. Interestingly, these results were expected given that the definition of
“watch” and “warning” were given to participants prior to them receiving further questions. This
suggests that further educational efforts may be needed as giving participants these definitions
did lead them to correctly identify higher risk perception with warnings than watches. Results
were mixed with regard to the ranking of hazardous weather product type within each warning
51

and watch category. Tornado warnings had the highest risk association among hazardous
weather warning types while flash flood warnings had the lowest risk association. Ranking flash
flood warnings as the lowest of the group might need further investigation and may help explain
the number of flood related deaths (French et al. 1983). Flash flood watches were perceived to
have the lowest risk among watch products followed by winter weather watches. Tornado
watches and severe thunderstorm watches were both found to have statistically higher risk
perception than the flash flood and winter weather watches, but statistically similar when
compared to each other. Participants were found to be statistically neutral (neither agree or
disagree) when asked if they associate a certain color with a particular hazard (i.e. associate a
color with phrases like tornado warning).
Using socio-demographic information, it was found that females perceive higher risk
with every hazardous weather product and type when compared to males. This is not surprising
considering that previous literature also found women often have higher levels of perceived risk
than men (Drabek 1999, Siegrist et al. 2005). Those participants with no previous meteorology
classes associated higher risk with tornado warnings, severe thunderstorm watches, flash flood
warnings, and winter weather warnings when compared to those with one or more meteorology
classes. This finding may warrant further study as it is counterintuitive to the literature (Balluz et
al. 2000; Liu et al. 1996). Typically, those with less education do not take protective action
against potential threats and hazards (Balluz et al. 2000; Liu et al. 1996). A similar relationship
was seen with education in general. Those with less education, high school diploma or less, had
higher perceived risk for tornado watch and both winter weather products compared to those
with at least an Associate’s Degree. Age may be a good identifier of perceived risk. Those 51
and older perceived higher risk than all other age categories with tornado watches, severe
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thunderstorm warnings, flash flood watches, and all winter weather products. For severe
thunderstorm watches and flash flood warnings, those 51 and older had statistically higher
perceived risk than the 18-30 and 31-40 age groups. There were no statistical differences
between age classes and tornado warnings. The Northeast region had statistically lower mean
values for all flash flood and winter weather products. The Ohio Valley Central region had
statistically lower means for tornado watches, flash flood watches, and winter weather products.
The South region had statistically higher means for all tornado, severe thunderstorm, and winter
weather products as well as flash flood watches. Annual occurrences with various weather
threats looks to be identifiable with the results above. The Northeast and Ohio Valley Central
have more experience with winter weather while the South often has more severe local storms
including tornadoes. The South also has a higher risk association with winter weather products,
which is expected given the lack of these products on an annual basis (Branick 1997).
5.3

Analysis of the Two Surveys Together
Although dependent upon the provider, many hazardous weather watch products are

represented by filled boxes while warning products are often not. This study indicates that filled
polygons had higher risk association when compared to the outlined polygons. Not surprisingly,
this study also showed that regardless of hazardous weather product type, warnings had higher
risk association than watches. However, the relationship between hazardous weather warnings,
watches, and product type needs to be further studied to better understand the ranking of
perceived risk. This study suggested that these relationships may be complex and could be
dependent upon the participants experienced weather, which was not asked during the survey.
Regardless of the rank order of the hazardous weather products, the public does desire color
consistency on a national scale. 92.90% of all survey respondents selected “agree” or “strongly
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agree” when asked “should colors be used uniformly across the U.S.”, with 65.52% of all survey
respondents selecting “strongly agree”. Filled vs. outlined colors had to following perceived risk
rankings: 1. red filled polygon, 2. red outlined polygon, 3. orange filled polygon, 4. yellow filled
polygon and purple filled polygon, 6. orange outlined polygon, 7. yellow outlined polygon and
purple outlined polygon, 9. blue filled polygon, 10. green filled polygon and blue outlined
polygon, 12. green outlined polygon. As for hazardous weather product rankings by perceived
risk: 1. tornado warning, 2. severe thunderstorm warning and winter weather warning, 4. flash
flood warning, 5. tornado watch and severe thunderstorm watch, 7. winter weather watch, 8.
flash flood watch. It should also be noted that perceived risk of hazardous weather products did
vary by socio-demographic factors such as gender, age, region, and education. As a result of
these findings, an education program might be warranted should a common color scheme be
adopted.
5.4

Limitations
While robust samples from both surveys were obtained, some data were not used due to

incomplete surveys. A total of 278 and 268 responses in survey one and two respectively were
incomplete. Another limitation to this research was the inconsistency of regional participants.
This is likely an artifact of using social media platforms in order to distribute the survey.

54

CHAPTER VI
CONCLUSIONS
Previous research has shown that colors can influence the way people perceive risk, yet
hazardous weather products continue to be represented by many different colors on multiple
platforms for the same hazard. There has been little research to determine if the lack of color
consistency across the weather enterprise creates differences with hazard and risk perception.
This study has shown that the general public does associated colors with different levels of risk
and the public desires colors to be used consistently across the United State. Therefore, the
weather enterprise should utilize a national, uniform color scale based on risk when representing
hazardous weather products. Furthermore, this work has shown that individuals do relate risk to
color. Filled versus outlined polygons was a predictor of perceived risk. All filled polygons had a
higher risk perception than outlined polygons for each of the six colors tested. It was also shown
that individuals perceive greater risk with warnings when compared to watches. Results were
inconclusive of how individual hazardous weather products should be ranked by the public.
While tornado warnings had the highest risk perception, tornado watches had similar risk
perception to severe thunderstorm watches, warranting the need for further studies on the
subject. While limitations within this study exist, such as a possible link with the greatest
perceived risk and experienced weather, the results obtained here indicate that a national,
uniform scale for representing various weather threats is desired. Color consistency across all
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dissemination platforms and across the United States should help with the effective
communication of risk associated with various weather threats.
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APPENDIX A
SURVEY ONE “UNDERSTANDING RISK PERCEPTION BY COLOR” QUESTIONS
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